We have shown that the short-term results of early surgical containment in children over seven years of age are satisfactory.
Treatment for Perthes' disease should aim at reducing the risk of early osteoarthritis by preventing deformity of the femoral head which may be possible if adequate containment can be achieved.
It has been suggested that in children over seven or eight years of age the results of surgical containment are often poor (Muirhead-Allwood and Catterall 1982; Salter 1984) . Bayliss, Margetts and Taylor (1994) went further and stated that a good outcome was rare at this age.
The south-west coastal plain has the highest prevalence of Perthes' disease in India and there are distinctive features which make it difficult to plan treatment. The mean age at onset is nine years, 70% of the children have half or more of the epiphysis involved and 28% of the patients are girls (Chacko, Joseph and Seetharam 1986) . The combination of these three poor prognostic factors has been a deterrent to surgical treatment in the past, but a review of some of our untreated patients showed uniformly poor results with a high incidence of radiological and clinical features of osteoarthritis in early adulthood (Bajaj, Joseph and Chacko 1988) . We therefore decided to start a programme of surgical treatment.
We have now analysed the short-term results in the first 48 patients over six years of age who have come to the stage of complete revascularisation or healing after subtrochanteric varus osteotomy.
PATIENTS AND METHODS
The series started in 1988, and included all children between the ages of 7 and 12 years at the onset of symptoms, with half or more of the epiphysis involved (Catterall (1971) groups II, III or IV) and in stage I or II of the disease by the Elizabethtown classification (Canale et al 1972) , that is, showing avascular necrosis or fragmentation. We did not take the presence or absence of 'head-at-risk' signs into consideration. For these reasons, operation was often performed before there was any extrusion of the femoral head.
We used an initial period of traction for one to two weeks to overcome muscle spasm and improve the range of hip movement. If all the movements were fully restored a femoral varus derotation osteotomy was performed. If there was residual restriction of internal rotation after the period of traction, a varus extension osteotomy was used. In patients with persistent restriction of all movements despite traction, surgery was not advised. A total of 52 patients was considered for surgical containment and four were excluded because of persistent stiffness. Forty-five hips had varus derotation osteotomy, and three had varus extension osteotomy.
Surgical technique.
We used an open-wedge subtrochanteric varus osteotomy with derotation or extension. A sliver of bone was removed from the flare of the greater trochanter and the growth plate of the greater trochanteric apophysis was identified and its lateral half drilled (Fig. 1) . The osteotomy was held in 20° of varus with a pre-bent plate and screws; the most proximal screw was placed to cross the trochanteric growth plate.
No plaster immobilisation was used, but weight-bearing was avoided until mature bone was seen to cover the lateral part of the femoral epiphysis (late stage III). The implants were removed after 18 months. Method of evaluation. We reviewed all the radiographs of the 48 children whose hips had reached stage IV (healed). We recorded the initial stage and Catterall group, and evaluated the shape and size of the femoral head on both the affected and normal side on the final radiograph using the template designed by Mose et al (1977) , grading the result as good, fair or poor. If the involved femoral head showed equal curvatures on both anteroposterior and lateral views the result was rated as good. A difference in radius of curvature of up to 2 mm in either of the views was rated as fair. The result was poor if the outline of the femoral head did not form the arc of a circle in either view (irregular) or if the difference between the radius of the femoral head in the two views was greater than 2 mm. Control group. We scrutinised all available case records and radiographs of children over six years of age with Perthes' disease treated at this centre before 1988 to identify every child treated non-operatively who would have initially fulfilled the current criteria for surgical treatment and had sequential radiographs until there had been complete revascularisation of the epiphysis. Thirty patients were identified and served as a historical control group.
These 30 children had been treated by traction for one to two weeks and then mobilised on crutches for variable periods, largely decided by their symptoms. No form of bracing had been used. Their radiographs were analysed in the same way as the operated group, and we used the chisquared test to compare the results of the operated and control groups.
Twenty radiographs were evaluated independently by two of the authors to assess interobserver variability.
An intraclass correlation coefficient was calculated to compare the interobserver error for measurement of the radius of the femoral head. Kappa statistics were used to compare agreement between the two investigators in assessing end results. Student's t-test was used to compare the extent of epiphyseal enlargement of the femoral head in each group.
RESULTS
The mean value of the radius of the femoral head of the 20 hips measured by one investigator was 19.80 mm and for the other it was 20 mm. The intraclass correlation coefficient was 0.96 (p < 0.001) and the Kappa statistic was 0.71 (p < 0.001) which indicated substantial agreement.
The mean age at onset, the extent of epiphyseal involvement and the stage at presentation in both groups are shown in Table I . A much larger proportion of the children who had operations had spherical femoral heads at the time of healing than in the control group (62.5% v 20%; chisquared test = 19.18, df = 2, p < 0.001; Table II ). In children with Catterall group-IV involvement the difference in femoral sphericity between the operated and control groups Method of performing trochanteric epiphyseodesis and varus osteotomy. The flare of the trochanter is osteotomised (large curved arrow) and the growth plate of the trochanter is drilled (small curved arrows). The openwedge osteotomy is fixed with a pre-bent plate and screws, the first crossing the trochanteric growth plate. The plate and the two proximal screws together act as a 'staple' (straight arrows). was also significant (chi-squared test = 7.70, df = 2, p < 0.05; Table III ). The percentage increase in the radius of the femoral head of the affected hip was also significantly lower in children who had had surgery (Table  IV) . The other results for sphericity and size of the femoral head are shown in Tables V and VI 
DISCUSSION
Our rationale for some aspects of surgical management should be defined. We did not wait for subluxation or extrusion of the femoral head to become evident before advising surgery. Control (n = 30) 6 6 18 Table III . Sphericity of the femoral head at the time of healing using Mose's (1977) criteria in operated and control children with Catterall group-IV involvement
Sphericity of the femoral head

Good Fair Poor
Operated (n = 27) 13 8 6
Non-operated (n = 25) 6 4 15 Fig. 2 A good result, showing a spherical femoral head and no trochanteric overgrowth after a varus derotation osteotomy of the left femur. A spherical femoral head after a varus osteotomy of the left femur. There is a 9% increase in the radius of the affected head. The outcome of bilateral Perthes' disease. The right hip was affected first, and was treated conservatively, while the left hip was treated by a varus derotation osteotomy (a). Coxa magna, coxa breva and trochanteric overgrowth are evident in the right but not on the left (b). Muirhead-Allwood and Catterall (1982) reported that, in patients over the age of seven years, extrusion of the femoral head always occurs sooner or later, and Bayliss et al (1994) emphasised that the earlier the containment is performed, the better the result. They had even operated on the basis of the detection of avascularity on isotope scans. Our impression is also that the results of surgery are better when it is performed in stage I of the disease. We did not consider operation for hips in stage III or IV. Our decision was based on the concept that it is the new woven bone replacing necrotic trabeculae which is susceptible to deformation. Once this new bone over the anterolateral aspect of the femoral epiphysis has been subjected to the stresses of muscle action and weight-bearing, deformation is inevitable. We therefore believe that surgical containment in stage III is not justified; it is too late.
One reason for our encouraging results may be that surgery was offered only to children with hips in stages I and II. This is an important factor, not generally discussed in other papers; it needs to be emphasised.
We operated on hips with Catterall group-II, group-III and group-IV involvement, but the overall results in Table  II include only one hip with group-II involvement. Practically all the cases therefore had avascularity of more than half of the epiphysis. Our review of hips with Catterall group-IV involvement (Table III) also showed better results after operation, and therefore the frequency of poor results in the control group shown in Table II should not be attributed to the higher proportion of children with group-IV changes.
Our decision to use open-wedge osteotomy was based on the assumption that persistent limb shortening after a closed-wedge osteotomy is likely to be greater in the older child; open-wedge osteotomy reduces the amount of shortening and we have seen no delayed union or nonunion. Our use of a plate pre-bent to 20° was arbitrary, but this provided adequate containment in all but two hips. One hip with inadequate containment and one with excessive varus required a subsequent valgus osteotomy. In the former the final result was compromised while in the the latter the head was spherical at the stage of healing.
The use of trochanteric epiphyseodesis as part of the treatment of Perthes' disease is not widely reported, although Langenskiold (1980) , Weiner, Weiner and Riley (1991) and Matan et al (1996) have recommended it. Our review of untreated Perthes' disease (Bajaj et al 1988) showed a high proportion of coxa breva and trochanteric overgrowth, and in our patients with a particularly severe form of the disease (Chacko et al 1986) it is possible that premature capital physeal arrest may be more common (Bajaj et al 1988) . Premature physeal arrest cannot be accurately predicted or prevented, but the secondary effect of trochanteric overgrowth may be amenable to operative intervention. We have used trochanteric epiphyseodesis routinely since 1988.
Our technique for trochanteric epiphyseodesis was to drill the lateral aspect of the growth plate. This does not destroy the whole growth plate, but damages its lateral half. It may cause asymmetrical growth of the medial aspect and tend to lateralise the trochanter (Fig. 5) . In addition to drill damage we place the most proximal screw across the trochanteric growth plate, causing the metal plate and the first two screws to act like a staple (Fig. 1) for the 18 months that they remain in place (Fig. 6) . We cannot yet provide definitive conclusions on the value of the procedure, but hope that it will reduce trochanteric overgrowth and the consequent positive Trendelenburg gait. The results must await the skeletal maturity of our patients. We avoided the use of a plaster spica after operation because a large proportion of the children whom we treat tend to have stiff hips (Chacko et al 1986; Joseph 1989 Joseph , 1991 Joseph and Pydisetty 1996) . Despite this, implant loosening with some increase in varus angulation was encountered in only one hip. Weight-bearing was delayed until late stage III since better results have been reported when containment was combined with prolonged weightrelief (Klisić 1983 ; Mintowt-Czyz and Tayton 1983).
The causes of secondary degenerative arthritis of the hip after Perthes' disease include irregularity of the head, coxa magna and coxa breva (Bowen, Foster and Hartzell 1984; Bajaj et al 1988) , either in isolation or in combination. An irregular contour could clearly result in osteoarthritis, but it is possible that a large femoral head with a short neck may contribute to increased stress on the joint. It is desirable to prevent all these abnormalities and we have shown that, in children over the age of six years at the onset, an early varus osteotomy gives a much higher chance of retaining sphericity of the femoral head. Even when the head was not spherical at the time of healing, it was smaller than in those treated conservatively. Our study addressed the short-term radiological outcome at the time of healing, but some comment can be made on the clinical outcome. The general range of movement of the affected hips after operation was excellent in all cases with a good or fair radiological result, but there was a mild to moderate restriction of internal rotation. The mean shortening at the time of complete revascularisation was 1.6 cm (1 to 2), and this may decrease with time as the varus angulation of the subtrochanteric osteotomy gradually remodels. The final shortening at skeletal maturity is very unlikely to exceed the mean value of 1.75 cm which we found in 20 skeletally mature untreated patients (Joseph and Bajaj, unpublished data) .
It would have been ideal if we had performed a randomised, prospective clinical trial. The present work was a pilot study to develop a protocol for such a prospective trial, but our results are so strongly in favour of surgical containment that we now feel it would be unethical to have another control group.
